Abstract. The present study was conducted to investigate hypofractionated radiotherapy (RT) in patients with locally advanced or metastatic adenocarcinoma of the pancreas. A total of 31 patients were enrolled in this study, 26 of whom had locally advanced (M0) pancreatic cancer and 5 had metastatic (M1) disease. The patients were treated with palliative RT (6-30 Gy in 1-10 fractions over a period of 1 day-2 weeks). Treatment-related toxicity was classified according to the Common Terminology Criteria for Adverse Events, version 3.0. Early mild toxicity was observed. A total of 17 patients (55%) achieved good pain control without pharmacological therapy, and 12 patients (39%) reduced their use of analgesics; in the remaining 2 patients (6%), there was no change in analgesic use. Late high-grade (>3) toxicity was not observed. The average survival time for the 31 patients was 9 months. The 1-year overall survival rate was 16%. Palliative RT was well-tolerated and was able to prolong the survival time. The majority of the patients achieved better pain control with palliative RT.
Introduction
Pancreatic exocrine tumours are fatal in the majority of the patients, due to late diagnosis and poor response to combined treatment. Patients with locally advanced unresectable or metastatic pancreatic cancer represent a clear majority among all patients with pancreatic cancer (1) (2) (3) (4) .
Pancreatic cancer is the fourth leading cause of cancer-related mortality, with a 5-year overall survival (OS) rate of 6% (3) (4) (5) (6) (7) . Cancers that are detected incidentally are likely to be treated surgically, with or without adjuvant therapy. However, the median survival time is limited to 11-23 months and the 5-year survival rate is <20% (2, (4) (5) (6) .
The majority of the patients present with incurable disease and several experience rapid clinical deterioration, without any improvement over several decades (7, 8) .
Determining whether a tumour is resectable is not well reflected by TNM system staging, as demonstrated by the wide range of survival figures reported for each stage.
To be determined as resectable, tumours must show no evidence of extrapancreatic disease or direct tumour extension to the celiac axis and superior mesenteric artery. However, the evidence of non-obstructive superior mesenteric-portal vein confluence does not always preclude tumour resection.
Complete surgical resection is the only potentially curative treatment available.
For ~35-40% of the patients who have locally advanced disease at the time of diagnosis, chemoradiation (CRT) is one of the most common treatments (9) . CRT is an effective palliative treatment, although it has notable limitations. Studies have shown improved median survival times in patients treated with CRT compared with either chemotherapy (6) or RT alone. Patients with locally advanced disease may present with major local symptoms.
Optimal symptomatic treatment may play a key role in the management of metastatic disease. This may require stenting or bypass surgery for obstructive jaundice or gastric outlet obstruction. The most common symptom from local extension is pain, which may significantly affect the patient's quality of life. RT is used to control these symptoms, as was reported in locally advanced gastric cancer (10, 11 (12) . The median age of the patients was 57 years (range, 35-77 years) and the median Eastern Cooperative Oncology Group performance status score was 2 (range, 0-3). The patients in the study included 18 men (58%) and 13 women (42%). The characteristics of the patients and tumours are summarised in Table I . The initial palliative treatment option for all the patients was chemotherapy based on 5-fluorouracil (5-FU) alone, or 5-FU with gemcitabine for the 5 patients with metastasis. Among the patients treated with chemotherapy for palliation, single-agent 5-FU was the most common treatment. The primary endpoints of the study were OS, treatment-related toxicity and an estimated intensity of pain correlated with pancreatic cancer.
RT. Three-dimensional computer planning was used in all the cases. All the patients underwent CT scans (X-vision, Somatom; Siemens Inc., Munich, Germany) and the Eclipse system (Varian Medical Systems, Palo Alto, CA, USA) was used for RT treatment planning. The clinical target volume (CTV) included the primary tumour -whole pancreatic body, as detected by CT scans. The planning target volume was defined as the CTV plus 10-mm margins in all directions. The two-(anterior and posterior) or three-field techniques (anterior, posterior and oblique lateral field) were used. RT was delivered with 20-MV X-rays. A total dose of 6-30 Gy was delivered in 1-10 fractions over a period of 1 day-2 weeks. One patient (3%) received 6 Gy in a single dose as hypofractionated treatment, 1 patient (3%) received 11 Gy in 5 fractions, 3 patients (10%) received 18 Gy in 6 fractions, 7 patients (23%) received 20 Gy in 5 fractions and 19 patients (61%) received 30 Gy in 10 fractions. We used two opposite fields in 22 patients (71%) and three oblique fields in 9 patients (29%). The V50% of the liver was limited to 30 Gy and the V30% of both kidneys was limited to 20 Gy.
Toxicity criteria and tumour response. The treatment-related toxicities were classified according to the Common Terminology Criteria for Adverse Events, version 3.0 (13). Nausea, vomiting, diarrhoea, leukopaenia, granulocytopaenia, lymphocytopaenia and thrombocytopaenia were assessed weekly.
The pain intensity was assessed after 4 weeks of RT using a visual analogue scale. The tumour response was assessed based on the CT scans.
Statistical analysis. The OS was calculated from the first day of RT. The survival curves were constructed using the Kaplan-Meier method. Statistical analyses of categorical variables were performed using the arithmetic mean coefficient of dominance. The association between survival and one or more covariates was examined using the Cox proportional hazards regression model. The risk of early death was estimated using the hazard ratio (HR).
Two-sided P-values of <0.05 were considered significant. All analyses were performed using the R 2.11.1 programme for Windows XP (www.r-project.org).
Results
Tolerance and response to treatment. We observed an absence of RT interruptions, lack of hospitalisation due to toxic reactions and an absence of severe toxicity in patients undergoing palliative RT. Palliative RT was well-tolerated, with only 9 patients (29%) requiring treatment for toxicity, which primarily included nausea and vomiting in patients with grade 2 (G2) events. The predominant G1 adverse events were abdominal pain and fatigue (Table II) .
The pain intensity was evaluated prior to initiation and 1 month after RT, and the analgesic drug therapy was adjusted until a 0-3 pain score was reached (WHO).
A total of 17 patients (55%) achieved good pain control (G1) without pharmacological therapy, 12 patients (39%) reduced their use of analgesics (G2), and in the remaining 2 patients (6%) there was no change in analgesic use (G3).
Survival and pattern of failure. The median survival time for all 31 patients was 5 months (range, 1-53 months). The 1-year OS rate was 16.13% (Fig. 1 ). An important positive predictor of survival in single-and multiparameter analyses was age (P=0.02). However, in the single-parameter analysis, the positive predictors of survival were male gender (P=0.03) (Fig. 2) , location of the tumour in the pancreatic head (P=0.03), a lack of weight loss (P=0.03) and a lack of metastases (P=0.02) (Tables III and IV) . Tumour diameter and total dose were not found to be prognostically significant. The mean total dose was 22.7 Gy [1 patient (3%) received 11 Gy in 5 fractions, 3 patients (10%) received 18 Gy in 6 fractions, 7 patients (23%) received 20 Gy in 5 fractions Table III . Multiparameter analysis of prognostic factors affecting 1-year and overall survival rates. The risk of premature death decreased by ~5% with every increasing dose of RT (HR=0.947; 95% CI: 0.0208-0.0548; P=0.0083).
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Discussion
Most clinicians are cautious when recommending an active treatment modality for pancreatic cancer in their clinical practice, due to the poor prognosis of this disease, the wishes of the patients or advanced age, although patients may be in a reasonably good medical condition. Based on the results of Krzyżanowska et al (14) in a cohort study on locally advanced pancreatic cancer, 44% of the patients received some form of cancer-directed therapy [24% received concurrent CRT therapy (CCRT), 13% received RT alone and 7% received chemotherapy alone]. According to that study, any type of active treatment was found to prolong survival.
Park et al (15) , in a subgroup analysis of 340 patients with unresectable, locally advanced, or metastatic pancreatic cancer, found that stage III patients treated with either CCRT (median OS, 10.4 months) or chemotherapy alone (median OS, 11.3 months) exhibited a survival benefit over supportive care (median OS, 6.4 months), whereas stage IV patients treated with chemotherapy alone (median OS, 6.4 months) showed a survival benefit over supportive care (median OS, 3.1 months). The majority of patients who have pancreatic cancer in their initial evaluation have a combination of factors, such as advanced age, poor performance status, medical comorbidity or tumour-related conditions, such as anorexia; thus, they are poor candidates for aggressive therapy, such as CRT. It is important to perform a stratification of patients into treatment groups on the basis of prognostic factors (16, 17) .
Morganti et al (18) evaluated 12 patients to observe whether a short RT treatment (30 Gy, 3.0 Gy/fraction) exhibited analgesic efficacy in patients with unresectable pancreatic carcinoma. They concluded that, in patients excluded from standard concomitant CRT, hypofractionated RT is feasible and results in pain relief in the majority of the patients. Our observations also included a reduced need for analgesics.
Pain due to pancreatic cancer is a manifestation of neural invasion and obstructive ductal physiological pain in nearly all patients. Intervention in the form of celiac neurolysis with chemical agents decreases pain (19) and may actually improve survival. Celiac neurolysis may be performed intraoperatively, percutaneously, or endoscopically under ultrasound guidance (20, 21) . Other methods for reducing pain are advanced RT techniques, such as stereotactic body RT, which are associated with low rates of adverse effects and good local control in patients with locally advanced pancreatic cancer (22, 23) . However, not all patients are good candidates for this type of sophisticated treatment.
The present study indicates that more active treatments should be attempted, even in cases of locally advanced unresectable pancreatic cancer. Palliative RT is a last resort to improve local pain control in patients with unresectable pancreatic cancer (24) . A total of 30 Gy in 10 fractions is one of the most commonly used dose-fractionation regiments of palliative RT in cases with brain metastasis, bone metastasis and bleeding from advanced gastric cancer (25) . Wong et al (26) compared the scheme of 30 Gy in 10 fractions and the scheme of >30 Gy with concurrent infusions of 5-FU, and the median survival times were similar with both schemes. Considering the median survival time (5 months) following RT, this regimen appears to be adequate for patients with poor prognosis.
The classical endpoints of palliative treatment are survival, tumour response and quality of life. Patients who were treated with palliative RT gained clinical benefits. Undoubtedly, these treatments have reinforced the role of analgesic drugs.
Palliative treatment is often the only remaining option in the management of pancreatic carcinoma, but its efficacy is poor due to low tumour sensitivity and inadequate treatment protocols. There are several options for palliative treatment, with either an antitumor effect as immunotherapy (27, 28) or as supportive care. The present study demonstrated that patients with locally advanced pancreatic cancer who receive palliative RT have better survival rates compared with those who receive supportive care alone. RT, when used as a palliative treatment, was well-tolerated and was associated with a good median OS rate. Hence, palliative RT remains a non-invasive treatment option for improving pain control in patients with locally advanced or metastatic pancreatic cancer.
